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(54) Title: REDOX CONTROL IN THE ELECTRODEPOSITION OF METALS 
(57) Abstract 

In one embodiment, a method of electrowinning a 
metal from an electrolyte comprises the steps of measuring 
the redox potential of the electrolyte to obtain a measured 
value, comparing the measured value with a predetermined 
optimum value and adding a redox agent to the electrolyte to 
adjust the redox potential of the electrolyte to the optimum 
value. One embodiment of apparatus (10) for carrying 
out the method comprises a redox potential measuring 
device (20) having a housing for the flow of electrolyte 
ttierethrough and including a pair of electrodes (22, 24) 
for measuring the redox potential of an electrolyte flowing 
through the housing to produce an output measurement 
value and a redox controller (26) responsive to the output 
measurement value for controlling the addition of redox 
agent to the electrolyte of an electrolysis cell (12). 
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gXgLD of tub; aZB iZE^ 

of a metel^ inVenti ° a relates to the electrodepoeition 
of a metal from an electrolyte. In particular, but not 

oTa : IaT' ±nVentl0a relate8 - - elec^L, 

n :: c L a : 0 r: f rrr zla : suiphate - 

iine or °« line cleaning of an 
electrolyele cell or an electrode of the cell. 

BACKGROUND OP thb nrow n^ 

In ^ electrol y sis — tal- various ionic 

chemical 0 " 1 T~ ° XidiZed ° r redUCOd ' »«' -wanted 
chemical products can be produced. Some of these 

products precipitate and need to be removed mechanically 
Furthermore, such unwanted oxidation-reduction processed 
can consume electrons that could otherwise be used for 
the plating of metals, thus, reducing the efficiency of 
the electrowinning process. 



th . - J ypicall y- in «** =inc electrowinning industry 
the jaradaic cathodic current efficiency (C K, , i.e. 17 
portion of the current which is actually utilized for the 

STS. Zltt< " rangSS ^ ab ° Ut 88% ^ about M %. 

The difference between this CB value and the 100% value 
is due to the unwanted evolution of hydrogen and the 
presence of unwanted redox couples that consume 
electrons, such as Fe**/Fe»* and Mn a VMn s *. 

Another factor that affects the CE value is the 
anode quality and its electrochemical properties. In the 
electrowinning of zinc, Pb-Ag anodes are normally used. 
These anodes develop a PbO, layer upon which O a evolution 
and other side reactions can take place. Among the most 
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important of these 1b the formation of KnO,. MnO 
precipitates on the anode increasing the so-called anodic 
overpotential and it also precipitates in the cell. This 
requires frequent anode cleaning which involves the 
removal of the anodes and the mechanical cleaning 
thereof. The precipitates that accumulate at the bottom 
of the cell also need to be removed periodically. These 
operations often require a plant shutdown, unless 
expansive mechanized vacuum units are used. 

It is an object of the present invention to 
alleviate the above-mentioned difficulties. 

SUMMARY OP THE TMOTfliTTmy 

According to the invention there is provided an 
electrolysis process wherein an electric current is 
passed through an electrolyte to effect a chemical 
change, which includes the step of maintaining the redox 
potential of the electrolyte within a predetermined range 
of values by adding a redox agent to the electrolyte 



The process may further comprise the steps of 
continuously monitoring the redox potential of the 
25 electrolyte and adding said redox agent to maintain the 
redox potential of the electrolyte within said 
predetermined range of values. 



35 



The electrolysis process may comprise an 
electrowinning process, an electroref ining process or an 
electroplating process. 

Also according to the invention there is 
provided a method of electrowinning a metal from an 
electrolyte comprising the step of maintaining the redox 
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potential of the electrolyte within a predetermined ranse 
of values by adding a redo, agent to the electrode 

Further according to the Invention there Is 
provided a method of electrowinning a metal from an 
electrolyte comprising the steps of measuring the redox 
potential of the electrolyte to oKi-.<„ 

4 yce to obtain a measured value; 

comparing said measured value with a predetermined 
optimum value, and adding a redox agent to the 
electrolyte to adjust the redox potential of the 
electrolyte to said optimum value. 

< ter,B " red °* aSfeatn refers to ei ^her an 

oxidizing agent or a reducing agent. 

Drovld . FUrther acco * d ^ to the invention there is 
provided apparatus for controlling the redox potential of 
an electrolyte, comprising a redox potential measuring 
device for measuring the redox potential of an 
electrolyte to produce an output measurement value, and a 
redox controller responsive to said output measurement 
value for controlling the addition of redox agent to the 
electrolyte of an electrolysis cell. 

Also according to the invention there is 
provided a method of reducing the formation of an 
electrolysis product on an electrode of an electrolysis 
cell comprising the step of performing an electrolysis 
process in the cell with an electrolyte in which a redox 
agent is added which counteracts the formation of said 
product . 

Further according to the invention there is 
provided a method of cleaning an electrolysis cell of an 
electrolysis product formed in the cell, comprising the 
etep of performing an electrolysis process in the cell 
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with an electrolyte to which a redox agent is added which 
counteracts the formation of said product. 

Further according to the invention there is 
provided a method of reducing MnO a formation in an 
electrolysis cell in a zinc electrowinning process, 
comprising the steps of measuring the redox potential of 
the electrolyte to obtain a measured value; comparing the 
measured value with a predetermined optimum value; and 
adding a redox agent to the electrolyte to adjust the 
redox potential of the electrolyte to the optimum value. 

Also according to the invention there is 
provided a method of reducing current efficiency loss in 
an electrolysis cell in a zinc electrowinning process, 
comprising the steps of measuring the redox potential of 
the electrolyte to obtain a measured value; comparing the 
measured value with a predetermined optimum value; and 
adding a redox agent to the electrolyte to adjust the 
redox potential of the electrolyte to the optimum value. 

Further objects and advantages of the invention 
will become apparent from the description of a preferred 
embodiment of the invention below. 

BRIEF DEgCRIPTTOW OF THE nPAWTMn. 

The single drawing is a flow diagram 
illustrating an electrowinning and redox control process 
according to the invention. 

DETAILED ASCRIPTION OF PREPERPH fl J EMBODIMENT 
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With reference to the drawing, a system for 
carrying out a process for the electrowinning of zinc 
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according to the invention ie generally indicated by 
reference numeral 10. 

The system 10 comprises a series of 
electrolytic cells 12, a reservoir 14 for overflow 
electrolyte (-hot spent") electrolyte from the cells 12 
a series of cooling towers 16 for cooling the hot 
electrolyte from the reservoir 14 and a reservoir 18 for 
fresh electrolyte, as well as cold spent electrolyte from 
the cooling towers 16. 

The system 10 further includes a redox 
potential measuring device 20 provided with a working 
electrode 22 and a reference electrode 24, a redox 
controller 26 and a reservoir 28 for H,O a . The reservoir 
28 is connected to the reservoir 18 via a pump 30 which 
is controlled by the redox controller 26 responsive to 
redox potential measurements effected by the measuring 
device 20. a 

The working electrode 22 is a platinum or a 
silver electrode. The reference electrode 24 is a 

eleTtrodI lly ™ ilahl * CalOMl ° r «"™r/silver chloride 

The control of the redox potential can be 
effectively achieved only when the proper sensing 
electrodes are used. Platinum is very sensitive to small 
changes in the redox potential and abrupt changes in 
value can be observed when this electrode is used 
However, with the proper process control design, good 
redox control (within 50 mv) can be achieved. Graphite 
electrodes have a slower response than platinum and 
because of this do not display erratic readings. Thus 
when graphite is used, changes in redox potential are not 
as abrupt as those observed with platinum. Thus, a 
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preferred working electrode has been found to be 
graphite. Xn laboratory size electrowiuning cells, when 
a graphite electrode is used, redox control can be 
achieved to within 20 mV. 

. 4 redOX co ^roller 26 comprises the required 

electronic circuitry and software for receiving and 
interpreting a signal representing the measured value 
from the measuring device 20 and to control the delivery 
of the required amounts of 11,0, to the reservoir 
responsive to the redox measurements by the measuring 
device 20. a 

The measuring device 20 is provided with a flow 
channel (not shown) for the flow of a feed stream of 
electrolyte theretbrough. The electrodes 22 and 24 are 
exposed to the electrolyte flowing through the channel 
for measuring the redox potential of the feed stream. As 
indicated by the arrows 32 and 34, the electrolyte feed 
stream is circulated from the reservoir 14 containing the 
overflow (hot spent) electrolyte, which is essentially 
equivalent to the electrolyte in the cells 12. 

The electrodes 22, 24 are connected through 
electrical connections 36 and 38 to the electronic 
circuitry of the redox controller 26. 

in carrying out a zinc electrowinning process, 
the pregnant aqueous zinc solution plus the usual 
additives, which constitutes the -fresh electrolyte-, i s 
fed to the reservoir 18 where it is mixed with cold spent 
electrolyte from the cooling towers 16. 
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From the reservoir 18 the electrolyte is 
transferred to the electrolytic cells 12 where the 
electrodeposition of zinc takes place. 
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Spent electrolyte overflow from the cells 12 is 
received by the reservoir 14, from where the electrolyte 
is circulated through the redox measuring device 20. 
There is a bleed of spent electrolyte from the reservoir 
14, as indicated by the arrow 40, which in the 
conventional process for the recovery of zinc from ore or 

IZTTT* t* recycled back to a leachia * 8ta *«< —r- 

:t:j::z:ToT. from the ore ° r °—« * * — 

A part of the hot spent electrolyte in the 
reservoir 14 is transferred to the cooling towers 16 for 
cooling and recycle to the fresh electrolyte reservoir 

The redox controller 26 is in electrical 
contact, as indicated at 42, with the pump 30 for 
controlling the operation of the pump 30. The pump 30 
pumps H,O a from the reservoir 28 to the fresh electrolyte 
reservoir 18, as indicated by the arrow 44. it is 
desirable that the reducing agent being added be well 
mixed with the electrolyte prior to its addition to the 
electrowinning cells 12. 

In operation, when the measured value of the 
redox potential from the measuring device 20 falls 
outside a predetermined optimum range, the redox 
controller 26 will activate the pump 30 to inject the 
required amount of ^O, into the tank 18 to bring the 
measured value within the optimum range. The optimum 
range will depend on the particular system involved. 

In particular, the optimum range is determined 
by aspects such as anodic and cathodic current density, 
the age of the anode, the composition and temperature of 
the electrolyte and the concentration of additives in the 
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electrolyte. The optima, range for each particular 
system therefore needs to be determined empirically. 

Therefore, to implement this technology in the 
industrial environment, laboratory and plant tests need 
to be conducted in advance to identify the optimum redox 
potential values at which the electrowinning process 
needs to be run. m the preferred practice for one zinc 
electrowinning operation, the optimum redox value was 
found to be 1040*50 mV (Pt vs Hj/H* electrode) . 

The H,C 2 can be added in diluted or concentrated 
form, preferably in concentrations higher than 35% so 
that no significant amounts of water are added to the 
15 system. 

The reaction between H,0 2 and Mn0 2 occurs 
without kinetic limitations according to the following 
equation: 

20 too, + 2H» + H,O a - MU »• + 2H.O + O a 

in addition, the following reaction can take place upon 
H,0, addition: 



25 2Mh 3 * + H,0 2 - 2Mn a * + 2H* + o 



30 
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Thus, by using a suitable reducing agent, such 
as HjOj in the present example, unwanted chemical products 
such as MnO a , MU>- and Mn'* can be continuously removed. 
The extent to which these reactions take place is 
controlled by control of the redox potential of the 
electrolyte. The invention therefore provides a process 
for the on line or off line cleaning of the cell and 
anode which increases plant availability and reduces the 
need for mechanical anode and cell cleaning, m 
addition, anode life is increased due to a decreased 
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frequency of short circuits caused by excessive or uneven 
anode coatings. 

Instead of direct measurement of the redox 
potential an indirect measurement can also be used. For 
example, in situations where there is a correlation 
between redox potential and solution color, such as in 
zinc electrowinning from sulphate media, a colorimeter 
can be used for controlling redox potential, although 
direct measurement would be more precise. 



In laboratory tests which were carried out the 
electrolyte cells were run in series under galvanostatic 
conditions. Electrolyte temperature was controlled at 
15 37 ± 1-C. Electrolyte was recirculated to rates equivalent 
to the displacement of 1 to 1.5 cell volumes per hour. 
The of the electrolyte was measured using calibrated 
bright Pt - calomel electrode pairs. E h values reported 
are referred to the H,/ir electrode. The E^ was 
controlled by adding diluted H,O a («3%) to the 
recirculating electrolyte. The E„ electrodes were placed 
in the cell overflow. 



The initial electrolyte was prepared from 
purified zinc electrolyte and reagent grade sulphuric 
acid. The concentrations of Zn and H,SO« were maintained 
constant by neutral feed additions and continuous 
electrolyte removal via the overflow weir. Electrolyte 
composition ranged between 61 and 64g/I. of Zn and 148 and 
30 155 g/t, of H,S0 4 . The neutral feed Mn concentration was 
2.0 g/L. Glue concentration was 2.5 mg/L. 

Two central Pg-Ag anodes and four opposing HIS 
Aluminum cathodes were used. The end cathodes were 
35 masked on their back and edges with epoxy resin. The 
immersed anode dimensions were 6.5 cm x 12 cm. The 
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immersed cathode dimensions were 9.3 cm x 10.8 cm 
(central cathodes) and 8.2 cm 11.5 cm (end cathodes) 
Electrolyte cell volume was 7.3 The cathodic current 

density was set at 440 A/m*. 

Anodic and cathodic overpotentials were 
measured at preset intervals using a saturated Ag/AgCl 
reference electrode mounted in a Luggin capillary. 



Bight continuous tests (Examples 1 to 8 in 
Table 1) were conducted using "freshly preconditioned 
anodes- and three cells connected in series. Bach of 
these tests lasted from 43 to 74 hours. Presh synthetic 
electrolyte was only used at the beginning of the test 
15 (in Example 1) . Subsequent tests used the final 
electrolyte from the previous test. 

Anodes were preconditioned in a KP-H,SO 
electrolyte (34 g/t, p, 19 g/L of W) afc 4QO J 
20 of 420 A/m» for 24h. 



Cell 1 
Cell 2 
25 Cell 3 



The E„ of these cells was controlled as follows 
No E„ control ("Natural E k conditions") 
E„ controlled at 1040 mV 

B* controlled at 1140 mV (occasionally E„ was 
controlled at lower values) 



The mud deposited in the bottom and walls of 
the cell and on the cathode edgesticks was manually 
removed (with H^O,) after the end of Examples 1 (Xst 
Exchange cycle), 3 (3rd Exchange cycle) and 8 (8th 
Exchange cycle) . This was necessary to perform a mass 
balance on Mn and Pb deportment. 
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Aa an indication of the precipitation of 
insoluble Mn precipitates, the difference in soluble 
manganese concentration and the average [Mn] in the 
electrolyte was usedt 

2 

The larger the [MnJ ^ the larger the amount of MnO 
that precipitated in each cell. 

Changes in CE, lead deportment to cathode Zn, 
•** d«» as a function of electrolysis time are shown 

in Table 1. The continuous run lasted 414 h. E* control 
was possible within 50 mV of the set point although 
excursions as high as 200 mV away from it were often 
observed. This is attributed to the use of Pt sensing 
electrodes which are very sensitive to small variations 
in the concentration of redox species in the electrolyte. 

The highest CE values were obtained when the E. 
was controlled at about 1040 mV (cell 2) . On an average, 
the CE obtained in cell 2 was 94.1% whereas the CE in 
cell 1 (a cell without B,, control) averaged only 89.2% 
Average CE in cell 3 was 90.1%. E h values in cell 1 were 
between 1350 and 1500 mV. in the last four BW cycles 
(Examples 6 to 8) the CE in cell 2 was very high (94.5% 
25 to 94.9%) and reproducible. 

While short circuits developed in cell l i n the 
first and fourth electrodeposition cycles, no short 
circuits were detected in cells 2 and 3 in any of the 
electrodeposition cycles. Deposits obtained with 
control were polycrystalline and smooth, except in the 
first cycle in which pitting was observed in all the 
deposits. In all the experiments, Zn deposits could be 
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stripped juet as easily as those obtained without R. 
control . ^ 

As shown in Table 1, TPb] in cathode Zn 
decreases with electrolysis time. The cells in which the 
E„ was controlled gave the lowest Pb deportment. On an 
average, the lowest Pb deportment was obtained in cell 3 
followed (in increasing order) by those obtained in cells 
2 and 1. it is important to stress that this low Pb 
deportment was obtained without SrC0 3 additions to any of 
the cells, usage of ^O, did not enhance the corrosion 
rate of the anodes or the Pb content of the cathodic 
zinc • 

Prom Ha mass balances it was found that the 
percentage of Mn losses (e.g., "insoluble- manganese 
leftover in the cell walls and on the anodes) in cells 2 
and 3 ( 25 . 9% and 20.6%) was smaller than those obtained 
la cell l (28.4%). Furthermore, the total amount of mud 
formed in the cells with control (6.1 g in cell 2 and 
4.1 g in cell 3) was significantly lower than in the cell 
without Efc control (9.5 g) . As shown in Table 1, the 
IMU] ^ observed in cells 2 and 3 was lower than in cell 
1. This provides further evidence that the H.O, treatment 
is very effective towards MhO, solubilization. Although 
lower [Mh) drops were observed in cells 2 and 3 this did 
not reflect in increases in Pb deportment, suggesting 
that H 2 O a usage could extend the life of the anodes. As 
the anodes release less Pb into the cathodic Zn, the ^O, 
consumption decreases, so that at the end of the 
continuous electrolyte cycle H,O a consumption was as low 
as 1 Kg 11,0, (100%) per ton of Zn. The tests conducted so 
far, suggests that, on an average basis, 2 Kg of HjO, 
(100%) per ton of Zn could be required to maximize the 
CE. 
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decomposition (H a O and 0 a > are compatible with the Zn EW 
process. Furthermore, the high selectivity of H,0 to 
reduce u*- and KnO a to Mn'* without destroying the *bO 
layer or the aluminum cathodes <H a o a can be stored in 
5 aluminum containers) made the use of ILO, very 
competitive. 

laraest ± ^ ^"tory experiments, the 

largest increases in CE with redox control are seen with 
10 "new anodes". if formation is reduced, short 

circuits could be prevented causing an increase in anode 
life and a decrease in the deportment of lead to the 
cathodic Zn deposit. 
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The process above has been described with 
reference to the electrowinning of a metal from an 
electrolyte, but it is contemplated that the process can 
also be applied to electroref ining and electroplating 
operations. 3 

While only preferred embodiments of the 
invention have been described herein in detail, the 
invention is not lifted thereby and modifications can be 
made within the scope of the attached claims. 
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WHAT IS CLAIMED ISi 
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A method of counteracting the formation of itoo a 
precipitate in a process for the electrowinning of a 
metal from an electrolyte, which comprises the steps 
of : 

measuring the redox potential of the electrolyte to 
obtain a measured value; 



comparing the measured value with a predetermined 
10 optimum value; and 

adding a redox agent to the electrolyte to adjust 
the redox potential of the electrolyte to the 
optimum value. 
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The method according to claim 1, wherein the metal 
is zinc and the redox agent is hydrogen peroxide. 

The method according to claim 1 or 2, wherein the 
measuring of the redox potential of the electrolyte 
comprises measuring the redox potential of a feed 
stream of electrolyte substantially equivalent to 
the electrolyte present in an electrolysis cell in 
which the eleetrowinning is carried out. 

The method according to claim 3, wherein the 
measuring of the redox potential of the feed stream 
is carried out continuously and the redox agent is 
added to maintain the measured value substantially 
equal to the optimum value. 

The method according to claim 3 or 4, wherein the 
optimum value falls within a predetermined range and 
the measured value is maintained at a value within 
the predetermined range. 
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TlLZ t 9 t0 ^ ~ ° f thS Pleading 

claims wnereia ^ redex aganfc is added ^ 

a^irr : gent ^ — ^ *. ^ 

addition of the electrolyte to the electrolysis 

the method according to claim 6, wherein the redox 
agent is added to cold spent electrolyte which is 
recycled from the electrolysis cell. 

The method according to claim 3, wherein the feed 
stream comprises spent electrolyte from the 
electrolysis cell. 

The method according to claim 3, wherein the feed 
stream comprises overflow electrolyte from the 
electrolysis cell. 

The method according to claim 3, wherein the 
measuring of the redox potential of the feed stream 
is carried out using a pair of electrodes located in 
the feed stream. 

The method according to claim X0 , wherein the pair 
of electrodes comprises a working electrode and a 
reference electrode. 

The method according to claim 11, wherein the 
working electrode comprises a graphite electrode. 

The method according to claim 11, wherein the 
working electrode comprises a platinum electrode. 

The method according to claim 1, wherein the redox 
agent comprises a peroxide. 
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15. The method according to claim 14, wherein the 
peroxide is hydrogen peroxide/ 

16. The method according to claim 1, wherein the redox 
5 agent in added in a continuous fashion. 

17. The method according to claim 1, wherein the redox 
agent is added in a batchwise fashion. 

10 18. A method of removing MhO, precipitate in a process 
for the electrowinning of a metal from an 
electrolyte, which comprises the steps of: 
measuring the redox potential of the electrolyte to 
obtain a measured value; 

comparing said measured value with a predetermined 
optimum value; and 

adding a redox agent to the electrolyte to adjust 
the redox potential of the electrolyte to said 
optimum value. 
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19. The method according to claim 18, wherein the metal 
is zinc and the redox agent is hydrogen peroxide. 

The method according to claim 18, wherein the redox 
agent comprises a peroxide. 



21. The method according to claim 20, wherein the 
peroxide is hydrogen peroxide. 

30 22. The method according to claim 18, wherein the redox 
agent is added in a continuous fashion. 
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23. 



The method according to claim 18, wherein the redox 
agent is added in a batchwise fashion. 
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24. in a zinc electrowinning process, a method of 

reducing Hn0 3 formation in an electrolysis cell, 
comprising the steps of: 

measuring the redox potential of the electrolyte to 
5 obtain a measured value; 

comparing the measured value with a predetermined 
optimum value; and 

adding a redox agent to the electrolyte to adjust 
the redox potential of the electrolyte to the 
10 optimum value. 

25. The method according to claim 24. wherein the redox 
agent comprises a peroxide. 



15 26. 



27 



The method according to claim 25, wherein the 
peroxide is hydrogen peroxide. 



In a zinc electrowinning process, a method of 
reducing current efficiency loss in an electrolysis 
20 cell, comprising the steps of.- 

measuring the redox potential of the electrolyte to 
obtain a measured value; 

comparing the measured value with a predetermined 
optimum value; and 

adding a redox agent to the electrolyte to adjust 
the redox potential of the electrolyte to the 
optimum value. 

The method according to claim 27, wherein the redox 
agent comprises a peroxide. 



25 
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30 



29. The method according to claim 28, wherein the 
peroxide is hydrogen peroxide. 
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30. The method according to claim 24 or claim 27, 
wherein the cell comprises an anode pickling' or 
aging cell. 

31. in a zinc electrowinning process, a method of 
continuous on-line cell cleaning of MnO„ comprising 
the steps oft 

measuring the redox potential of the electrolyte to 
obtain a measured value; 

comparing the measured value with a predetermined 
optimum value; and 

adding a redox agent to the electrolyte to adjust 
the redox potential of the electrolyte to the 
optimum value. 

32. In a zinc electrowinning process, a method of semi- 
continuous on-line cell cleaning of «no„ comprising 
the steps of: 

measuring the redox potential of the electrolyte to 
20 obtain a measured value; 

comparing the measured value with a predetermined 
optimum value; and 

adding a redox agent to the electrolyte to adjust 
the redox potential of the electrolyte to the 
25 optimum value. 

33 
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30 



Apparatus for controlling the redox potential of an 
electrolyte, comprising: 

a redox potential measuring device for measuring the 
redox potential of an electrolyte to produce an 
output measurement value; and 
a redox controller responsive to the output 
measurement value for controlling the addition of 
redox agent to the electrolyte of an electrolysis 
35 cell. 
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The apparatus according to claim 33, wherein the 
redox potential measuring device comprises a housing 
for the flow of electrolyte therethrough and a pair 
of electrodes for measuring the redox potential of 
an electrolyte flowing through the housing. 

The apparatus according to claim 34, wherein the 
pair of electrolytes comprises a working electrode 
and a reference electrode. 

The apparatus according to claim 35, wherein the 
working electrode comprises a graphite electrode. 

The apparatus according to claim 35, wherein the 
working electrode comprises a platinum electrode. 

The apparatus according to claim 33, wherein the 
redox potential measuring device comprises a 
colorimeter for providing an indirect measurement of 
the redox potential. 
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